Introduction: Bronchial hyperresponsiveness (BHR) is a hallmark of asthma. Treatment approaches based on BHR severity have been shown to be effective. However, challenge tests are expensive, inconvenient to patients, time consuming, and not easily accessible to general practitioners. Assessment of BHR by a questionnaire would be advantageous in the diagnosis and management of asthma.
Introduction
Asthma is a chronic inflammatory disorder of the airways in which many cells and cellular elements play a role. This chronic inflammation is associated with airway hyperresponsiveness and leads to recurrent episodes of wheezing, breathlessness, chest tightness, and coughing, particularly at night or in the early morning. These episodes are usually associated with airway obstruction that is often reversible either spontaneously or with treatment. 1 The chronic inflammatory process of the airways in asthma can lead to structural changes in the bronchial wall, a process known as airway remodelling which may be accompanied by lung function loss.
2 Therefore, successful asthma management depends on effective suppression of inflammation and remodelling, generally by using inhaled corticosteroids (ICS). 3, 4 In daily clinical practice, asthma treatment decisions are usually based on patient-reported symptoms and simple measures of lung function. Since
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airway inflammation is only to a small extent associated with respiratory symptoms and lung function, symptom-based titration of the dose of ICS can be unreliable. Indeed, several studies have shown that the management of asthma improves and results in less exacerbations and better quality of life (QOL) with the provision of additional information about the severity of airway inflammation. 5, 6 The gold standard for determining the severity of airway inflammation is a bronchial biopsy. Alternative methods have been sought over the years since biopsies are invasive, expensive and are therefore very impractical to use for a large number of subjects. Currently accepted and less invasive alternatives are the measurement of the level of exhaled nitric oxide, the number and type of inflammatory cells in induced sputum, and the severity of bronchial hyperresponsiveness (BHR). The latter has been shown to be associated with airway inflammation in several studies. [7] [8] [9] Sont et al have shown that treatment adjustments aimed at reducing BHR lead to more effective control of symptoms, fewer exacerbations, and a reduction in airways remodelling. 10 These results suggest that measuring BHR at regular intervals in clinical practice could benefit standard monitoring of patients with asthma. However, there are several drawbacks; challenge tests are expensive, time consuming, not very convenient to patients, and are often not directly accessible in primary care. If the presence of BHR could be determined with a questionnaire this would thus be cheaper, less time consuming and more convenient for both patients and doctors. Such a questionnaire could be of value in the management of asthma in primary care.
Although several attempts have been made to develop such a questionnaire, so far investigators have never applied structured patient interviews and proper questionnaire development rules as propagated (for instance) by the U.S. Department of Health and Human Services Food and Drug Administration (FDA). 11, 12 Thus these questionnaires were not specifically designed for the assessment of BHR but rather were modifications from other questionnaires. We hypothesised that it is crucial to pay detailed attention to the method of item selection in order to create a successful, condition-specific questionnaire. This article describes the methods of item collection and selection that we used to develop a questionnaire for the assessment of BHR in patients with asthma.
Methods

Item collection for the preliminary questionnaire
An initial pool of items was generated by literature review, [13] [14] [15] [16] in-depth interviews, and a focus group discussion with asthma patients. The search programs PubMed and Medline were used for the literature review, and the search terms used were "bronchial", "airway", "hyperreactivity", "hyperresponsiveness", "questionnaire", "stimuli", "triggers" and "triggering". Patients participating in the in-depth interviews and focus group discussion were selected from general practice. All participants had mild to moderately severe asthma as diagnosed by their general practitioner (GP) in agreement with the Dutch asthma guidelines 17 (that are similar to the GINA-guideline 1 ). The focus group discussion and single interviews began with open-ended questions followed by a semi-structured interview. Patients were asked to discuss the stimuli that provoked a deterioration of their asthma and the kind of symptoms that were experienced when asthma was not stable as opposed to when it was stable. The main goal was to collect as many different stimuli and symptoms related to BHR in daily life as possible. All interviews and focus group discussions were recorded on tape and transcribed. All mentioned stimuli and symptoms were listed in a questionnaire. The stem question of the symptom part of the questionnaire was; 'Did you experience "symptom X", during the past 3 months?', whereas the stem question of the stimuli part was; 'Did "stimulus X", bother you during the past 3 months?'
With these selected questions a pre-test was performed. Six asthma patients filled in the questionnaire in the presence of a researcher. They were asked to recapture the last three months in answering the questions and to identify and discuss unclear questions with the researcher. The main objective of this pre-test was to eliminate errors and clarify obscurities in the questions. The remaining questions were collected in a preliminary questionnaire.
Statistical analyses
Data analyses were performed using the SPSS version 12. Two of the four participating lung function centres assessed hyperresponsiveness by the 2-minute tidal breathing method (resulting in a PC 20) , the other two by the dosimeter method (PD 20) . Two groups of patients were identified: 1) a group with a 20% fall in FEV 1 (PD20 <2.4mg ; PC20 <32mg/ml) and 2) a group without a 20% fall in FEV 1. Receiver Operating Curves (ROC) were made with all items of the preliminary questionnaire to investigate the sensitivity and specificity of each individual question to determine the presence or absence of BHR.
Factor analysis with no restriction on the number of factors was performed on all questionnaires completed by patients with BHR to identify clusters of interrelated questionnaire items. It was only performed on the symptom part of the preliminary questionnaire because questions pertaining to stimuli not encountered in the past three months could not be answered -thus these data could not be included for this type of analysis.
Spearman rank correlation tests were performed to investigate the relation between the level of PC 20 and the scores of each individual item in patients with doctordiagnosed asthma (see Figure 1 ). For this analysis, we only used individuals who underwent BHR testing with the PC 20 histamine method, since this was used in the vast majorityand moreover, conversion of PC 20 into PD20 is difficult and not 100% reliable. 18, 19 Patients subjected to the PD20 measurement did not differ from those patients who were subjected to the PC 20 measurements.
Item generation
The preliminary questionnaire consisted of questions about stimuli and symptoms. These questions were scored on a 7-point Likert scale: 0 = no complaints, 6 = severe complaints. Questions about stimuli had "X" as an extra answering option which implied: 'I have not been in contact with this stimulus during the past 3 months'. All patients who underwent a histamine challenge test were asked to complete the preliminary questionnaire directly after they had completed the challenge test. In this way the outcome of the challenge test (in this study used as the reference and gold standard for BHR) could be linked to the scores on the items of the preliminary questionnaire.
The investigator assigned each patient into one of the following diagnostic categories: 1. asthma; 2. COPD; 3. mixed asthma/COPD; 4. other diagnosis; and 5. not obtained ( Figure 1 ). This allocation was based on the doctor's diagnosis, lung function scores and histamine scores collected from discharge letters and conforming to the Dutch asthma and COPD guidelines.
Cut-off values for the items to be included in the BHQ were a rho >0.2 with a significance level <0.05 (Spearman rank correlation test) and/or an area under the curve >0.5 with a significance level <0.05 (ROC). These cut-off values were determined by an expert panel consisting of a GP, a pulmonologist and a statistician.
Results
Item collection for the preliminary questionnaire
Eleven in-depth interviews and one focus group discussion were performed. After the pre-test procedure, 101 items remained for the preliminary questionnaire -33 questions about symptoms and 68 about stimuli. This preliminary questionnaire was completed by 302 patients after BHR testing. Patient characteristics are presented in Table 1 . Centres 1 and 2 (n=265) obtained PC 20 by the 2-minute tidal breathing method, centres 3 and 4 (n=37) PD 20 by the dosimeter method. Asthma was diagnosed in 172, COPD in 7, mixed asthma/COPD in 11, and other diagnoses in 85 cases. The last category consisted of patients who were referred to the lung function centre for additional diagnostic tests by dermatologists, ear nose and throat-specialists, or allergologists. In 28 cases no diagnosis could be obtained because no discharge letter was available. A PD 20 <2.4mg or a PC 20 <32mg/ml was obtained in 225 of the 302 patients. clusters were quite homogeneous, and were associated with the following domains: difficulty in breathing (e.g. asthmalike symptoms), allergic symptoms, fever/chest pain, COPDlike symptoms, and systemic complaints/malaise. The other clusters were more difficult to identify specifically (Table 2) .
Clustering of items in the preliminary questionnaire
Sensitivity of each item to predict BHR
Sensitivity to predict BHR was determined using Receiver Operating Curves (ROC). Analysis was performed on all 101 items of the preliminary questionnaire in the total group of patients (n=302). Each item was tested for its property to detect the presence of BHR. An item with an area under the curve of more than 0.5 is a potential indicator for the presence of BHR. The results of the ROC analysis are presented in Table 3 .
Correlation of each item with PC20-histamine score
A Spearman rank correlation test was conducted on the items of the preliminary questionnaires completed by the group of patients in centres 1 and 2 with doctor-diagnosed asthma (n=143). The investigated group consisted of 50 males, mean age 39.1 years and 99 females, mean age 34.4 years. Four patients had a PC 20-histamine of >32mg/ml, one of them used salmeterol <12 hours before the provocation test and was therefore left out of the analysis. The other three performed a correct challenge test and stayed in the analysis. Breathlessness, waking up at night due to chest tightness, shortness of breath, sensation of pressure on the chest, acute breathlessness, wheeze, panting/gasping, palpitation/fast heart rate and hyperventilation/fast breathing were significantly associated with the level of PC 20 (see Table 3 ). Stimuli with significant associations with the level of PC20 were: household dust/mite; wool; down (pillow); grass/hay; pollen; trees like aspen/birch/poplar/elm/pine; dusty places; a change of weather; and the scent of building materials.
Item generation for the BHR questionnaire Table 3 shows the results of the Spearman rank correlation test and the ROC analysis used to select items for the BHR Questionnaire (BHQ). The selection criteria for the correlation test were a rho >0.2 and p≤0.05, and an area under the curve >0.5 and p≤0.05 for the ROC analysis. Using these criteria, 34 items were selected for the BHQ, 15 from the symptom domain and 19 from the provoking stimulus domain.
Discussion
We developed a questionnaire in order to assess the presence and severity of BHR in asthma according to FDA-approved standards for the development of questionnaires. 20 This BHR Questionnaire (BHQ) is a condition-specific questionnaire, consisting of 34 items -15 regarding symptoms and 19 regarding provoking stimuli. As far as we are aware this is the first questionnaire specifically developed for the assessment of BHR in asthma. By using the PC 20-histamine as the main reference we selected items for the BHQ thereby expecting the BHQ to be a condition-specific instrument.
Various attempts have been made in the past to find a relationship between symptoms and/or stimuli that provoke respiratory symptoms on the one hand, and the severity or presence of BHR on the other. Studies investigating this subject used questionnaires such as the International Union against Tuberculosis and Lung Disease (IUATLD) questionnaire, the Medical Research Council (MRC) questionnaire, the American Thoracic Society-Division of Lung Diseases (ATS-DLD) questionnaire, or a subset of questions from these questionnaires. Although some questions derived from these questionnaires show a relation with BHR, so far no specific instrument has been developed to measure patient-perceived BHR.
Items related to BHR were generated by asthma patients. The expert panel decided to choose mild criteria for the item reduction. In this way they wished to prevent loss of possible predictive items. A disadvantage of this method is the relatively large number (n=34) of questions selected for the BHQ. Completing the questionnaire takes about 10-15 minutes which may be too long to be suitable for use in daily clinical practice although it is less time consuming than a challenge test.
An interesting finding in this study is that even though the selection criteria were mild, some questions about stimuli that are intuitively related with BHR were not included in the BHQ. For example, questions about contact with smoke from fire places or tobacco smoke proved to have little relation with PC 20-histamine in our sample and were excluded. We can only speculate as to the reasons for this finding. It may well be that (tobacco) smoke is not specific enough to discriminate. This could mean that it is only a useful question in people not currently smoking.
Another remarkable finding is that hyperventilation as a symptom was selected for the BHQ whilst hyperventilation as a stimulus did not pass the selection criteria. Perhaps the way of asking the question explains the difference; as a symptom the question about hyperventilation was: "Did you experience hyperventilation / fast breathing during the last 3 months?" As a stimulus the question was: "Did hyperventilation / fast breathing bother you during the last 3 months?" Symptoms like cough, phlegm, and excess mucus occur in asthma but are more often associated with COPD. Questions about these symptoms were not selected for the BHQ. This may have been due to the fact that the item generation was performed in predominantly asthmatic patients (Table 1) . Of interest, allergic symptoms like nasal catarrh, watery, itchy or red eyes, hay fever and an irritated mucous membrane (Table  2 , cluster 2) also showed little relation with PC 20-histamine and therefore were not included in the BHQ. This is remarkable because there is a close relation between allergic rhinitis and asthma. Epidemiological studies show that up to 60-78% of patients with asthma have coexisting allergic rhinitis, whereas 20-38% of patients with allergic rhinitis have asthma. 21, 22 Because the inflammatory processes involved in both diseases show large similarity some authors even speak of "one airway, one disease". 23 For the selection of questions we mainly focused on respiratory symptoms which is one explanation for our finding. The second explanation is the use of PC 20-histamine as the gold standard. This test is not exclusively sensitive to allergic triggers but also detects the BHR to non-allergic triggers.
In summary, we performed an active and systematic search for questions related to the presence and/or severity of BHR. By doing so according to FDA-proposed rules for the development of questionnaires, we created a conditionspecific questionnaire that adds information about the presence of BHR in patients with asthma. Further research is necessary to check the predictive value of the questionnaire against the gold standard PC 20 to warrant its value and its accuracy in the management of asthma. 
